This study evaluated the effect of surface sealant on the translucency of composite resin immersed in different solutions. The study involved the following materials: Charisma, Fortify and coffee, Coca-Cola ® , tea and artificial saliva as solutions. Sixty-four specimens (n = 8) were manufactured and immersed in artificial saliva at 37 ± 1 °C. Samples were immersed in the solutions for three times a day and re-immersed in artificial saliva until the translucency readings. The measurements were carried out at nine times: T1 -24 hours after specimen preparation, T2 -24 hours after immersion in the solutions, T3 -48 hours and T4 to T9 -7, 14, 21, 30, 60 and 90 days, respectively, after immersion. The translucency values were measured using a JOUAN device. The results were subjected to ANOVA and Tukey's test at 5%. The surface sealant was not able to protect the composite resin against staining, the coffee showed the strongest staining action, followed by tea and regarding immersion time, a significant alteration was noted in the translucency of composite resin after 21 days.
Introduction
The development of composite resin has been contributed to the incorporation of aesthetic aspects in direct dental restorations, satisfying the desires of patients who expect dentists to provide restorations that not only restore the original function and shape of their teeth but also meet the same color, thus being clinically imperceptible 1 . However, composite resin shows some undesirable characteristics, such as microleakage resultant from polymer shrinkage 2 , intrinsic discoloration and superficial staining, which may lead to color instability 3 . Moreover, composite resins undergo superficial and microstructural changes resultant from mastication and from finishing and polishing procedures 4, 5 . These factors may lead to early staining of restorations.
The susceptibility to staining is related to various factors such as the type of organic matrix, particle size and its percentage in the material's composition, as well as the degree of polymerization, the time elapsed between the filling of the cavity and its finishing and polishing, the degree of smoothness, water sorption, type of staining agent and the length of time that this agent remains in contact with the material 1 . Other studies 6, 7, 8 has described the continuous degradation undergone in aesthetic restorations, indicating that this kind of material stains easily and its color stability, surface hardness and wear strength may be affected.
Thus, when a composite resin is exposed to unfavorable factors such as the staining agents present in a patient's diet, the material's aesthetic appearance may be impaired. Therefore, to increase the durability of composite resin restoration and avoid the need of its replacement by reason of color alterations, professionals may offer possible solutions to prevent or reduce their staining.
A possible alternative to prevent or minimize color alterations of composite resin restorations is surface sealant, which composition contains Bis-GMA, UDMA and TEGDMA without filler particles 5 . This material has a low viscosity and high wettability 9, 10 and reduce some of the defects that restorations are subject, such as the marginal leakage 1, 9 .In addition, this material provides restorations with a better superficial texture by penetrating into surface micro defects and increasing the smoothness of restored surfaces 4 . The literature offers few studies about the effect of surface sealant on the staining of composite resins when subjected to different staining agents. It is therefore important to investigate whether the use of this material positively affects composite resin translucency, because translucency and color changes are interrelated and may influence the aesthetic results of a restoration 11, 12 . Besides this, water sorption may cause color change and staining, which may promote weakening of filler/matrix bonding thus reducing the material's translucency and making stains difficult to remove 13, 14 . In this way, the purpose of the present study was to assess the effect of surface sealant on the translucency of composite resin exposed to different type of solutions and periods of immersion.
Experimental Proceedings

Experimental design
The factors under study were: Surface sealant, at two levels (with and without sealant) and solutions at four levels (coffee, tea, Coke ® and artificial saliva). The association between surface sealant and solutions resulted in 8 groups with 8 specimens each one, totaling 64 specimens. Specimens were randomly distributed using a random numbers table. Each specimen was chosen to compose experimental groups in the same way. Specimens had their translucency evaluated at nine immersion times (T1 -24 hours of immersion in artificial saliva, T2 -after 24 hours of immersion in solution; T3 -after 48 hours of immersion; T4 -7 days of immersion; T5 -after 14 days; T6 -after 21 days; T7 -after 30 days; T8 -after 60 days and T9 -after 90 days). The quantitative response variable was the translucency values in percentage.
The composite resin used was Charisma (Kulzer), shade A3 and the surface sealant was Fortify ( Table 1) .
The following immersion solutions were employed:
• Artificial saliva -pH 7.0.
• 62. Sixty-four samples were prepared in a 10 mm diameter, 2 mm thick stainless steel mold standing on a glass plate with a transparent polyester strip. These samples were prepared by inserting the composite resin into the mold cavity. To compact and take the excess of material out from the sample surfaces, the mold containing the resin was covered with another polyester strip and a glass plate placed on the top of it with a 4 kg weight for 30 seconds After that, the weight and the glass plate were removed and the composite resin was lightcured (KM 200R, DMC Equipment, a QTH unit, 450-600 mW/cm 2 , 9mm tip diameter) through the polymer strip for 40 seconds, and then, the resin specimen was removed from the matrix. (Figure 1) The specimen bottom surface was identified with a bisturi blade. There was no polishing over the specimen surface because it was considered that the major superficial smoothness was obtained with the polyester strip 15 . The 64 specimens were allocated into 8 groups: G1 to G4, corresponding to no treatment with surface sealant and G5 to G8, treatment with surface sealant.
The four groups (G1-G4) that were treated with no surface sealant were immersed in artificial saliva and stored at 37 °C ± 1 until their translucency readings were done. In groups G5 to G8, the surface sealant Fortify was applied according to the manufacturer's instructions: surfaces were treated with 37% phosphoric acid gel (UNI -ETCH ® ) for 15 seconds, rinsed with tap water for 20 seconds and dried for 20 seconds with absorbing paper. The sealant was applied over the entire surface of each specimen and then light-cured for 20 seconds. , seguir padrão correto (respeitando estilo de escala, posição dos dados, caixa inferior da imagem, fundo preto).
10 mm Figure 1 . Photopolymerization of samples.
Immediately following application of the sealant, these groups were immersed in artificial saliva and stored at 37 °C ± 1 for 24 hours, when the first reading of the specimens' translucency was done (T1). After that, specimens were divided in 4 subgroups (n = 8) according to the solutions employed for specimen immersion (Table 1) were carried out three times a day for a 5-minute period each. These periods were defined by the own researchers, with the aim to get closer to a clinical approach. The specimens were kept immersed in artificial saliva between immersions. Before each reading, the specimens were rinsed in distilled water and dried with absorbent paper.
The translucency values (in percentage) were obtained using electrophoresis equipment JOUAN (Jouan -Paris -series 021 A/ nº 10), which measures the light radiation crossing the specimen. The light source excites a photoelectric cell, which in turn emits a signal to the galvanometer according to the degree of excitation from the light source, on a 0 to 100 scale, indicating the percentage of light that activated the photoelectric cell.
For each studied group, the mean and standard deviation were calculated. After analysing the normality and homocedasticity of sample distribuition, two-way analysis of variance (ANOVA) was used to each immersion time. Tukey's multiple comparisons test was used. Significance level was 5%.
Results
The results obtained in this study are presented in Table 1 . The analysis of variance for the period "24 hours in saliva" demonstrated that the translucency values presented no significant variability for each one of the factors isolately. In other terms, the translucency had a similar behavior when analyzed according to the presence of sealing and when analyzed according to the immersion media, with a non-significant interaction between them.
For the "24 hours after immersion" period, it was observed that the factor sealant led to a significant variability in translucency, regardless of the tested medium. The translucency mean was lower when the sealant was used. When the factor "immersion media" was analyzed, it was verified non-significant variability, being the interaction sealant x medium significant.
After 48 hour of immersion, it was noted a significant variability only for the factor "immersion media", with coffee presenting the lower translucency mean than the other groups.
It was verified that after 7 days, the factor sealant and immersion media presented significant variability, being the interaction between factors non-significant. The translucency mean was significantly lower for the group without sealant. Regarding immersion media, groups immersed in saliva and Coke ® , with sealant, presented higher mean translucency values, with significant difference from the groups immersed in coffee and tea without sealant and than those immersed in coffee with sealant.
In 14 days period, both factors sealant and immersion media presented significant variability, being the interaction between factors non-significant. The translucency mean was significantly lower in groups without sealant. Groups immersed in coffee and tea presented lower mean translucency values.
After 21 days of immersion, sealant and immersion media presented significant variability, with the lowest translucency mean obtained when the sealant was used. Groups immersed in coffee and tea presented the lowest translucency mean.
From 30, 60 and 90 days, the translucency variability was nonsignificant for the factor "sealant" and for the interaction. The variability was only significant for the factor "immersion media", in which the coffee and tea presented lower translucency mean than the other groups, and coffee a lower translucency mean than tea.
All results obtained in function of time are shown in Figures 2 and 3. 
Discussion
In this study, in which alterations in composite resin translucency were measured after immersion in different staining solutions that are commonly part of a patient's diet (Coke ® , coffee and tea), coffee was found to be the agent that caused the greatest changes in the material's translucency, followed by tea. Coke ® , on the other hand, showed a similar behavior to that of artificial saliva. This result can be described to the composite resins susceptibility to chemical erosion of the resin matrix, hydrolytic breakdown of filler particles and chemical degradation of silane agent, which are responsible process for discoloration and staining of the composite resin 9, 16, 17 . Therefore, to explain the present results, it is suggested that the greater susceptibility of the composite resin tested to staining by coffee may be due to the high temperature employed in the immersion cycle (±70 °C), which probably heated the surface of the material, thus ertencentes a "Dados gráficos" com 0.6 de Stroke. ue houver rosa do ventos na imagem original, substituir pela padrão da paleta symbols. mento de barras com 10% de preto quando houver texto e 50% quando não.
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ografias, seguir padrão correto (respeitando estilo de escala, posição dos dados, caixa na parte inferior da imagem, fundo preto). T9  T8  T7  T6  T5  T4  T3  T2  T1 e Figuras -Materials Research imes (Roman), tamanho 8. " -linhas com 0.5 de Stroke. ertencentes a "Dados gráficos" com 0.6 de Stroke. ue houver rosa do ventos na imagem original, substituir pela padrão da paleta symbols. mento de barras com 10% de preto quando houver texto e 50% quando não. tabela ou figura devem estar todos em Inglês. s devem estar dentro de caixas de texto com 2 mm de distância nas extremidades. figura ou gráfico deve estar em "Sentence case". e mapas deverá ter 1 ponto de Stroke. T9  T8  T7  T6  T5  T4  T3 affecting the staining process. As this process appears to involve the degradation of the organic matrix, which facilitates pigmentation the material's aesthetic properties may be impaired. The same explanation is applied to the tea solution, which was also used at a high temperature. Besides this both tea and coffee contained yellow colorants with different polarities. Higher polarity components (like those in teas) were eluted first, and lower polarity components (like those in coffees) were eluted at a later time. Therefore, discoloration by tea might be due to absorption of polar colorants into the material surface. On the other hand, higher discoloration by coffee might be due to both adsorption and absorption of colorants. This absorption and penetration of colorants into the organic phase of the material were probably due to compatibility of the polymer phase with the yellow colorants of coffee 18, 19 .
In an evaluation of the staining ability of four types of food that potentially stain composite resins, Chan et al. 20 also found that coffee caused greater staining than tea and Coke ® . Other reports, e.g., Cooley et al. 21 indicate that the greatest alterations in the translucence of materials occurred as a result of immersion in coffee.
In the present study, it was observed that the color of composite resin changes over time, regardless of factor sealant and immersion media, a fact that was corroborated by researchers 3, 22 . (Figures 2 and 3 ) However, a separate analysis regarding the effect of time revealed that the translucency of the composite resin decreased to a greater extent after 21 days of immersion in solutions and not in the initial hours, and that in the later days of the test, i.e., after 60 days, the translucency remained constant. At literature, it is reported that staining reaches a peak at 7 days 20, 21 , however, few number of studies has evaluated the staining for more than 3 weeks, what can difficult the comparison of the present results.
The discrepancy of this findings may be explained by the use of different methodologies, 1, 3, 7, 21 in which it may be observed that authors employed the immersion of specimens in the solution continually for a determined period, without removing any time from it. However, since since this study aimed to simulate a clinical situation, specimens were immersed in staining solutions for 5 minutes each time, three times a day, and were left in artificial saliva for the rest of the day (totaling 24 hours).
In relation to the surface sealant, it was noted that, both sealed and no-sealed specimens suffered alterations in translucency values at long-time. This can suggest that the sealant was not able to avoid composite resin staining. This fact probably occurred due to the fact that the surface sealant has no load in its composition, what makes its organic matrix more porous and susceptible to stain sorption 23 . Another possible hypothesis is that a polyester strip under a weight was used over the specimen during the polymerization process, in both sealed and no-sealed groups, with no further polishing, as defined in methodology, and so, the surface in the no-sealed groups were made in a similar way to those covered with the sealant, in which the organic matrix was directly exposed to immersion media.
To reduce the susceptibility of composite resin restorations to wear, marginal leakage and staining, some authors 8, 9, 16, 17, 24 recommend the application of flowable resin on restoration surfaces. According to these authors, this material penetrates deep into microgaps and microdefects, promoting surface sealing, thereby protecting surfaces, reducing wear and increasing the longevity and performance of restorations.
On the other hand, the literature contains some reports, 25, 26 that disagree with these findings and contest the use of surface sealant and its advantages, alleging that the surface sealant could not prevent surface staining, as the pigmentation of the composite resins tested increased. Besides this, the authors affirm that its application offers few clinical advantages because the material is easily removed 3 .
Even though some literature researches point to the use of surface sealant to prevent restoration staining, the present study showed that this material did not present advantages in preventing the staining of tested composite resin.
Conclusion
According to the methodology employed in this study, it may be concluded that the surface sealant was not able to protect the composite resin against staining, the coffee was the staining solution that caused the greatest alteration in the translucency of the composite resin tested, followed by tea; the composite resin showed a significant alteration in translucency after 21 days of immersion in the solutions, and that the translucency remained stable between 60 and 90 days.
